Viable cells detectable in lyophilized preparations of Bacillus popilliae were increased by 72% when dry cells were heated at 60 to 65 C for 2.5 h. This is a report of a study that shows that application of mild heat to lyophilized cultures of Bacillus popilliae causes an increase in the number of viable cells that can be detected.
After heating lyophilized cells at 60, 70, and 80 C for 2 h, the optimum temperature was found to be 60 C ( Table 1 ). The number of viable cells detected at 70 C was lower than at 60 C, but both were higher than unheated controls. After heating at 80 C, no cells were recovered at the lowest dilution plated (10-6). Results of heating cells at 50 C for 2 h were not significantly different from unheated controls.
Optimum heating time was determined by heating lyophilized cells for 1 to 4 h at 60 C and determining viability by plate count and optical density. Cells heated for 2 or 3 h gave the earliest visible sign of growth. Those heated for either 1 or 4 h gave a slower response and appeared to be about 2 h slower in reaching peak growth rates. Unheated cells exhibited a longer lag period and were 6 to 8 h behind cells heated 2 or 3 h.
The response of lyophilized B. popilliae to mild heat appears to be similar to that of heat activation of spores. However, the culture was examined many times under the phase-contrast microscope, and spores were not seen. In addition, it is unlikely that spores were present because even low levels of sporulation on artificial media require use of selected strains of B. popilliae and highly specific conditions (1, 2, 9, 10, 12, 13). The increased count obtained after heat treatment did not appear to be due to dispersion of clumps of cells. Clumping was not detected when unheated cells were examined microscopically.
Other workers have suggested that dry bacterial cells were stimulated or activated by heat. Hiscox (3) reported a higher viable count in spray-dried milk on rehydration at 50 C than when rehydrated at 20 C, and Speck and Myers (11) found that a spray-dried skim milk culture of Lactobacillus bulgaricus gave a substantially higher count when reconstituted at 50 C than when reconstituted at 21 to 25 C. A freezedried culture, however, when reconstituted at 50 C gave a lower count than when reconstituted at 21 to 25 C, and heating the dry culture to 50 C did not cause activation but a destruction of some of the cells. Although results obtained with liquid cultures may not be applicable to dried cultures, a stimulatory effect of heat on growth rate has been reported. Voss and Frazier (14) , using a skim milk culture of Streptococcus thermophilus, found that the generation time of the culture was reduced from 40 and 42 min to 24 and 29 min, respectively, after heating at 60 C for 30 min. However, landolo and Ordal (4), Jackson and Woodbine (5), and Kaufmann et al. (6) exposed Staphylococcus aureus to sublethal heating and observed a longer lag phase for heated cells, or a delayed lag phase as Jackson and Woodbine (5) indicated would more clearly describe their findings. It was also reported by landolo and Ordal (4) and Jackson and Woodbine (5) that heating produced a decline in the number of viable organisms.
The data are not sufficient for us to offer a hypothesis for increased viability of lyophilized cells after heat treatment; however, Hiscox (3) has suggested that, as with spores, the dormancy of dried cells may be broken by the application of heat.
